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To our knowledge, no attempts to produce
cutaneous blastomycosis experimentally have
been made on a large scale. Such tests in mice
have been unsuccessful (6). Other portals of
entry and routes of infection in this disease
were investigated in animals (7).
The present report deals with the results of
cutaneous inoculations with Blastoinyces derma-
titidis in hamsters.
MATERIAL AND METHODs
Forty-two hamsters (Cricetus aurat'us) of ap-
proximately 80 gm weight were used and divided
into 9 groups (Table I). Ia 7 groups a cutaneous
infection was made; 1 group was inoculated intra-
testicularly and 1 group intraperitoneally. The
skin infection was produced at 2 different sites:
on the foreleg S.C. with traumatic muscle damage
in groups I and IV through VIII, and in the ab-
dominal skin S.C. in group II. For the inoculation
of the shaved foreleg the animals were anes-
thetized I.P. with seeobarbital sodium. A needle
was introduced 2 to 3 mm deep into the muscles
in the inferior part near the joint. The fungus sus-
pension was injected after withdrawal of the
needle in the same spot at an angle of 45°, so the
inoeulum could penetrate into the traumatized
needle channel, simulating a potential natural
traumatic infection. In the abdominal skin, the
fungus suspension was injected subcutaneously,
without trauma, in the upper quadrant of the right
side. The surface of the skin was not sterilized.
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One group was challenged after 34 days with an
infection of the same dose into the other foreleg,
another with an I.P. inoculation.
Our strain S-li of B. dermetitidis was used in
all groups. Yeast cells were suspended in saline so-
lution and constantly agitated in an electromag-
netic stirrer before injection. 0.1 X i0°/ml of
yeast were inoculated in groups I, II, III, VI and
VIII and in each foreleg in group VII, 0.1 X 102/
ml in group IV, 0.1 X 10'/ml in group IX and 0.1
X 107/ml in group V.
The animals were examined weekly after the
inoculation, noting changes at the sites of the re-
gional lymph nodes. These, however, never became
definitely palpable.
After approximately 2 and 3 weeks and after 3
and 6 months, with variations in the challenged
and control groups, the hamsters were sacrificed
(Table II). Two animals died spontaneously 3
months after inoculation in groups VI and VIII,
respectively.
Autopsy was performed on all animals, and skin
from the site of inoculation, axillary lymph nodes
or fat tissue from the same side, liver, spleen, and
lungs were examined histologically. Occasionally
omentum, mesentery, kidneys, and myocardium
were examined also. In group III, fat tissue of
both axillary and inguinal regions was examined.
Paraffin sections were stained by H&E and the
Groeott method.
From each sacrificed animal, 2 small pieces of
liver and spleen were put on Sabouraud's glucose
agar and kept at room temperature. These media
were discarded when they remained sterile for S
weeks. The technic of this experiment differs from
that of the "cutaneous histoplasmosis" only inso-
far as, in the latter, 2 different strains of H.
capsuletum were used (9).
Spontaneous Death in Animals
No blastomycotic lesions were observed in the
2 hamsters which died spontaneously; both
showed bronchopneumonia.
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EXPERIMENTAL CUTANEOUS NORTH AMERICAN
BLASTOMYCOSIS OF HAMSTERS*
K. SALFELDER, M.D.
In the great majority of North American
blastomycosis, as in histoplasmosis and coccidi-
oidomyeosis, the lungs are the portal of entrance
for primary infection. Cutaneous manifestations
of blastomycosis are almost always secondary,
i.e. sequelae of a hematogenous dissemination
(1). Nevertheless, a few human cases of typical
primary complexes in skin-acquired laboratory
infections are known (2, 3). Other clinical
reports of human primary cutaneous blasto-
mycosis are not sufficiently substantiated (4,
Skin Lesions
Of the 34 animals inoculated subcutaneously,
24 showed at autopsy specific lesions histologi-
cally, but only 16 grossly. (Fig. 1)
Histologically the lesions consisted of accumu-
lations of small histiocytic granulomas, often
with leukocytes and occasional necrosis in the
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TABLE I
Summary of experimental attempts of production of a primary cutaneous blastomycosis
Group No. Animals Point of Inoculation & Rootr Challengr aftrr 34 days No. oI Yeast Cells Injected
I 5 Right foreleg,
and trauma
S.C. 0.1 X 105/ml
II 4 Abdomen, S.C. 0.1 X 105/ml
III 3 Intratestieular 0.1 X 105/ml
IV 5 Right foreleg,
and trauma
S.C. 0.1 X 102/mI
V 5 Right foreleg,
and trauma
S.C. 0.1 X 107/ml
VI 5 Right foreleg,
and trauma
S.C. 0.1 X 105/ml
VII 5 Right foreleg,
and trauma
S.C. Left
and
foreleg,
trauma
S.C. 2 X 0.1 X 105/ml
VIII 5 Right foreleg,
and trauma
S.C. I.P. 1 1< 0.1 X lOa/ml
1 X 1.0 X 104/ml
IX 5 I.P. 1 )< 1.0 1< 104/ml
TABLE II
Time between inoculation and death
Group
No.
Days
14
!
21 34 45 57 90 94 95 124 154 toe
I 1 1 11 1
II 1 1 11
III 1 1 1
IV 1 1 1 11
V 1 1 1 11
VI 1 1 1* 1 1
VII 11 11 1
VIII 11 1* 1 1
IX 11 1 11
* Animals which died spontaneously.
center. IIicroabscesses, larger abscesses, or
zones of more or less extensive necrosis were
also seen (Fig. 2, 3). Calcification occurred
only twice. Scarce giant cells were seen occa-
sionally in later phases. Around the granulomas
a capsule-like formation soon was observed
(Fig. 4); however, there was little connective
tissue within the foci. All skin lesions contained
fungi (Fig. 5). Necrosis of the epidermis was
observed in the course of evolution only in 3
cases, hut none on autopsy. The localization of
the foci was strictly in dermis and subeutis;
the muscle tissue was never invaded (see Figs.
2and 3).
Lymph Nodes
Specific lymphadenitis was seen in 12 eases.
In 7 cases, regional lymphadenitis was observed
after inoculation (in a total of 34 cases). In 2
of the 3 animals with intratesticular inoculation,
lymphadenitis was noted in para-aortie lymph
nodes. A mesenterie lymphadenitis developed
in 2 of the 5 I.P. inoculated animals. Finally,
the mediastinal lymph nodes were involved in 1
animal with S.C. abdominal inoculation.
Regional lymphadenitis (Fig. 6) was first
seen 3 weeks after cutaneous inoculation and
persisted in 2 cases for S months and in 1 ease
for 6 months. Lymphadenitis was not observed
in animals without skin lesions. The S.C. inocu-
lated animals without trauma showed no
lymphadenitis in the axillary or inguinal lymph
nodes.
Ristologically, the same granulomatous in-
flammation with abscesses and necrosis was ob-
served as in the skin, most extensive after
intratesticular and I.P. inoculation.
Visceral Findings
A rather discrete hematogenous dissemination
developed after inoculation into the skin.
Specific lesions were observed in only 5 animals,
the lungs being involved in 3 cases, the liver
in 1 case, and the omentum in 1 case. Organisms
were found only once each in lungs and in the
omentum.
FIG. 1. Nodular subcutaneous infiltrate 3 weeks after S.C. inoculation with 0.1 X 105/ml
yeast cells of B. dermatitidis; right foreleg of hamster. Crust formation on point of needle
entrance.
Ftc. 2. Large subcutaneous nodule with central necrosis and a broad rim of epithelioid
cell granuloma.s. The nodule approaches the striated muscle without invading it and the
overlying skin is undisturbed. The nodule has a thin capsule and in the capsule scattered
lymphocytic infiltrates. HE 1SX, 3 weeks after S.C. inoculation.
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Ftc. 3. Large subcutaneous nodule with central suppuration. The morphologic composi-
tion of the large infiltrate is otherwise comparable with the description under Fig. 2. Notice
small epitheloid granulomas to both sides of large infiltrate. 3 weeks after inoculation HE
29 X.
A peculiar dissemination occurred in the ani-
mal inoculated S.C. in the abdomen which
showed, after 3 months, a marked specific
mcdiastinal lymphadenitis and plaque-like
blastomycotic granulomas covering the visceral
pleura (Fig. 7). Some of the pleural granulomas
penetrated into the lung parenchyma (Fig. 8).
No lung, liver, or spleen involvement was
observed alter intratesticular and I.P. inocula-
tion alone as a challenge.
,Skin Inoculation with and Without Trauma
The grossly recognizable lesions in the
traumatized animals developed earlier, but
without histologic differences between the 2
groups.
Minor lymphatic spread with regional specific
lymphadenitis was observed twice, in the
traumatized animals. Discrete hematogenous
dissemination occurred only once in the trau-
matized group and never in the non-trauma-
tized.
Different Doses
Four of the low dosage animals showed no
infection at autopsy. By contrast, all the ani-
mals with the high dosage developed specific
skin lesions, partly with extensive central
necrosis (Fig. 2, 5). Three of these showed
lymphatic and 2 bematogenous involvement.
Challenge
The "skin challenged" group VII showed at
the site of challenge, skin lesions in only 2
animals and specific lymphadenitis never oc-
curred. Hematogenous spread was found once,
and in a minor degree, in the challenged group.
In the challenged group VIII, the secondary
A 
Fio. 4. Two discrete nodules composed of epithelioid cell granulomas and surrounded by
connective tissue and lymphocytes. HE 67X. 7 weeks after inoculation.
FIG. 5. Central area of necrosis—from Fig. 2—with yeast cells of B. dermalitidis. Grocott
95X.
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inoculation produced an infection at the site
of inoculation less frequently than in the con-
trol group. One animal did not develop the dis-
ease, in spite of S.C. followed by IF. inocula-
tion. The first inoculation was not influenced
locally in its course nor did it show lymphatic
spread.
Intratesticular Inoculation
Local infection and regional lymphadenitis
occurred as rapidly after intratesticular inocu-
lation as after subcutaneous. In intratesticular
infection, abscesses and necroses were larger,
but no organisms were found in the lymph
nodes. No spread into lung, hver, and spleen
occurred in this group, in spite of an apparently
more extensive lymphatic spread into the
omentum and mesentery.
Schaumann Bodies
These laminated structures were found,
generally together with "free" yeast cells, in
the blastomycotic granulomas of the skin,
omentum, lymph nodes, lung, and testes. They
were abundant in skin and omentum, and rare
in the 3 other tissues.
They could be found as early as after 2 weeks
in skin lesions, but the largest number was
found in "later" phases.
Isolation by Culture
The fungus could be grown from the liver
in 2 cases and from the spleen in 7 cases in
animals inoculated intratesticularly or intra-
peritoneally. Granulomatous lesions were never
found in tissue sections of liver or spleen in
culturally positive cases. On the other hand,
TABLE III
Synoptic table of results in nine different groups of inoculated hamsters
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Key to abbreviations: + = microscopic "specific" inflammation; * = former plus yeast cells of
B. dermatitidis demonstrated; ' = Schaumann bodies; p = positive cultures; * = no cultures made;
n = nodule; — = abscess; 0 = necrosis; r = right; 1 = left.
In Group III the symbols under "gross" and "skin" refer to description of testis.
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Fm. 6. Axillary lymph node of hamster shown in Fig. 4; complete replacement of normal
architecture by multiple partly confluent epitheliod cell tubercles. Some granulomas have
small suppurated centers; isolated Langhans giant cell. HE 87X.
in the case in which the liver involvement was
proved histologically, the fungus was not iso-
lated in cultures from this organ.
Comments
The total of "takes" after infection of the
skin was only approximately 75 percent, count-
ing the lesions proved at autopsy and seen
grossly temporarily after inoculation. It could
be confirmed histologically that, in the ma-
jority of the cases with infection, the blasto-
mycotic lesions persisted actively with abscesses
during all of the 5 or 6 months of the experi-
ment, albeit often only microscopically. Com-
plete healing occurred in 1 case and can be
assumed with certain probability in others.
Ulceration of the epidermis practically never
occurred; small focal necrosis of the surface
healed fast, in spite of extensive areas of de-
stroyed tissue in the center of the lesions.
Specific regional lymphadenitis, after skin
inoculation, was found in only 20 percent of
all cases, but a certain number could have been
overlooked, since the lymph nodes were not
grossly visible and were only looked for in
random sections of fat tissue. The inoculum
with a large number of organisms showed
lymphogenous spread more consistently.
A hematogenous spread occurred in only 1
case with blastomycotic granulomas in the
intra-abdominal fat tissue after cutaneous
inoculation. In this animal, no regional lymph-
adenitis was found, but B. dermatitidis was
seen in the tissue sections. Although in other
animals, with hematogenous spread, granulomas
were seen in lungs and liver, organisms were
not found in the tissue sections and the fungus
was not isolated by culture.
It was possible to achieve infection with an
inoculum containing only 10 yeast cells. But
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Fro. 7. Thick granulomatous layer covering visceral pleura with occasional invasion of
subpleural pulmonary parcnchyma. Hamster group No. II, 3 months after S.C. inoculation
in abdominal region. HE 6X.
only one animal showed early anatomical proof
locally. No dissemination of any kind could be
elicited. By contrast, an extremely heavy dose
led consistently to a local reaction, high rate
of regional lymphadenitis, and traces of
hematogenous spread. In spite of the heavy
infectious dose, no widespread hemntogenous
dissemination could be obtained.
Challenge revealed certain protection or
resistance in diminished reaction at the site of
secondary inoculation. No lymphatic spread
was seen after challenge.
Sehaumann bodies in the blastomyeotie in-
flammation of the hamster occurred only in
granulomatous lesions, and not only in the
omentum (8), but also in the skin and less
frequently in lymph nodes, testes, and lung.
Comparison of experimental primary infections
with H. eapsulatum and B. dermatitidis
(Table IV)
The results of both series can be compared,
since the experimental technic in the two were
almost identical. The hamsters in both series
were obtained from the same local source, were
all males and of similar weight (±80 grams).
The two experiments were carried out at the
same time and the animals were kept under
identical conditions in the same animal room
with 5 hamsters per plastic cage.
Whether all strains of either H. capsulatum
or B. dermatitidis would give exactly identical
results remains to be seen.
Spontaneous death occurred more frequently
in the infected animals with histoplasma which
showed also generalization of the disease. By
contrast, the 2 dead animals in the blastomyees
series died from intercurrent pneumonia.
Infection was achieved more frequently in
the H. capsulatum series; in fact, after inocu-
lation with this fungus, an almost 100 percent
"take" of infection was observed. Including all
the gross reactions in the beginning of the
experiment, the total infection rate in the
blastomyees animals reached only 75 percent.
The histoplasmie skin lesions developed
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FIG. 8. Two epithelioid granulomas with yeast cells in visceral pleura with invasion of
adjacent lung tissue. Same hamster as in Fig. 7, HE 174x.
TABLE IV
Comparison of primary cutaneous infection with H. capsulatum and B. dermatitidis
Infect. Rate
Skin Lesions
Lymphatic
spread
Hematogenous
Dissemination
Dose
High Low
I
Velo-
city I Size
IUlc. Healing Persist-ence
H. capsulatum 100% + + + — + 70% 27/34* 4/4 4/5
B. dermatitidis 75% — — — + + 20% 4/33 5/5 1/5
* Number positive/total animals.
faster and reached a larger size. After inocula-
tion of one of the H. capsulatum strains, all of
the skin nodules ulcerated, contrasting with the
complete lack of skin ulcers in the blastomyces
series. Minimal healing tendency was seen in
cutaneous histoplasmosis; active mycotic in-
flammation was observed even after 5 or 6
months in many of these animals. The cutaneous
blastomycosis, however, showed a better heal-
ing tendency, even if in a certain number of
animals persistence of an active skin lesion
was noted.
Regional specific lymphadenitis occurred 3
times as frequently in the cutaneous histo-
plasmosis and was present in almost three-
fourths of all animals. In cutaneous blasto—
mycosis, lymphadenitis developed in only 20
percent of the animals and with lesser severity
and mostly in the animals inoculated with a
high dose. By contrast, in the histoplasnia
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series, the lymphatic spread was less frequent
after a high dose. The more frequently observed
lymphatic spread in the experimental cutaneous
histoplasmosis is similar to the conditions in
the human and animal spontaneous lung disease,
in which lymph node involvement is found
more prominent in the histoplasmic primary
complex than in blastomycosis (2).
Hematogenous dissemination was very fre-
quently found in the histoplasma series, but
rarely in the blastomycotic animals.
In both series, specific lesions could be pro-
duced with as few as 10 yeast cells; however,
local reactions, lymphogenous and hematogenous
dissemination were very similar after inocula-
tion with both low and high doses of H.
capsulatum, while a low dose of yeast cells of
B. dermatitidis produced only a slight local
reaction and no dissemination.
5UMMARY
Active skin lesions, persisting in some animals
for 6 months but without ulceration, were
elicited in 75 percent of inoculated hamsters
receiving yeast cells of B. dermatitidi.s sub-
cutaneously. Simultaneous tranmatic muscle
damage did not produce significantly different
reactions.
Specific regional lymphadenitis, as part of
the primary complex, was found in only 20
percent of the subcutaneously inoculated cases.
This relatively low incidence could be in part
due to the difficulties of locating lymph nodes.
No conclusive hematogenous spread of the
fungus was observed.
Although an infection was achieved with as
few as 10 yeast cells, an extremely high infec-
tive dose produced consistent primary complexes
but without hematogenous dissemination.
Challenged animals showed some protection
in the absence of lymphadenitis.
The results of the intratesticular route of
infection are described and the presence of
Schaumann bodies in granulomatous lesions dis-
cussed.
The results of this experiment, if inferences
regarding human infections are permitted, con-
firm good prognosis of human primary cutane-
ous blastomycosis. However, the lack of con-
firmed hematogenous dissemination in our series
could be due to a low grade invasiveness of
the strain used.
The differences in experimental primary
cutaneous infections with H. capsulatum and
B. dermotitidis are discussed.
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